Objective: Sleep disturbance is one of the most common health problems in older adults. Anger expression tendency has been studied on many aspects of health. Some studies have reported that individuals with poor anger regulation were more likely to have insomnia. Considering emotional arousal affects insomnia, anger expression tendency could be associated with inaomnia in older adults. The objective of this study is to investigate correlation between anger expressions and insomnia symptoms among community-dwelling older adults in Korea. Methods: A total of 235 older adults (mean age 75 years, 67.2% female) were enrolled to this study. We interviewed the participants to gather demographic information, medical history, stress level using the Perceived Stress Scale, sleep quality using the Pittsburgh Sleep Quality Index and anger expression using Korean adaptation of the State-Trait Anger Scale. Simple and logistic regression analyses were used to find correlations between anger expression and insomnia symptoms. Results: Forty percent of the participants had sleep initiation difficulty (sleep latency >30 min). Higher anger expression tendency (odds ratio=1.122, p=0.009) was significantly related to sleep initiation difficulty after controlling age, sex, education, socioeconomic status, perceived stress, depression, and total sleep time. Meanwhile, anger expression tendency was not associated with total sleep time after controlling covariates. Conclusion: Older adults with higher anger expressions showed a tendency to have sleep initiation difficulty. Further studies are needed to determine whether modifying of anger expression can control physiological and cognitive arousal and improve sleep disturbance.
INTRODUCTION
Sleep disturbance is one of the most common health problems in older adults. They often experience more sleep disturbance than young adults. The most commonly diagnosed sleep disorder among the elderly is insomnia [1] . Insomnia is defined as having symptoms related to sleep including difficulty initiating or maintaining sleep, nocturnal waking, and waking without feeling rested. Prevalence as well as severity of insomnia is known to increase with age [2] . Insomnia prevalence rate among older adults is similar across the world despite some differences depending on measure- illness, and depression [6] . Regardless of cultural or ethnic backgrounds, those factors are found to be risk factors for insomnia, despite some conflicting results depending on the countries, cultures, or ethnicities in which the study was conducted. Studies on insomnia in older adults have focused on the interactions between depression and medical illnesses. Researchers believe that depression and medical illnesses negatively affect each other, which mediated through insomnia [7] . Previous studies have implications of that psychological problems including loneliness, isolation, and worry about the future contribute the mechanisms interaction between depression and insomnia in older adults. The effect of depression on medical illness is mediated by noncompliance and inactivity due to depression is another lesson learned from previous psychosocial research. It is true that these results have contributed in part to the development of treatment strategy in older adults with insomnia and depression. However, there are limitations in understanding insomnia in older adults entirely as a part of the symptoms of depression. Few attempts have made to understand the relationship of emotional regulation with insomnia.
Emotional regulation is extrinsic and intrinsic process about monitoring, evaluation, and controlling the emotional reactions [8] . The studies on emotional regulation of in older adults are inconsistent. Some studies reported that ageing lead to "positivity effect" for emotional regulation, because cognitive decline can make older adults to became less sensitive or more avoidant toward negative information [9] . Meanwhile, another studies found no positivity effect in female older adults [10] . There is a study claiming emotional regulation problem in older adults due to decreased cerebral function related to ageing [11] . Other researchers have reported that that older adults experience more anger or hostility than young adults [12] . Moreover, the findings of that older adults with depression shows more anger expression raise the need to study about the relationship between sleep disturbance and emotional regulation of elderly [13] . Taking that into account, it is necessary to study the relationship of emotional regulation and insomnia among community-dwelling older adults. Hyperarousal model of insomnia also rationalizes these doubts of that emotional regulation problem including anger experience or expression lead to physiological and cognitive hyperarousal, which resulted in insomnia [14] .
We hypothesized that the degree of anger experience and expression, which is related to emotional regulation in the older adults, would be associated with insomnia. In order to verify this hypothesis, face-to-face interview and questionnaires about insomnia and anger expression were conducted in the rural community-dwelling older adults. For the assessment of insomnia symptoms, we investigated sleep latency and total sleep time in the participants.
METHODS

Study population
This study used the data from "Korean Social life, Health and Ageing Project (KSHAP), " an ongoing community-based cohort study which aimed to find the interaction between social network and health of Korean older adults in one township ("Y"-myeon, Ganghwa-gun, Incheon, South Korea) [15] . A total of 814 individuals (95% response rate) were enrolled at the beginning of the study. First wave of the KSHAP study were conducted by face-toface interview in the places suitable for personal conversation including participants' home, or community centers, or public health centers from December 2011 to March 2012. The substudy of relationship between sleep and stress was conducted to participants in the township who agreed to this study (235 individuals, 28.9% in total study population) from January 2015 to December 2015. This study was approved by the Institutional Review Board of Yonsei University (YUIRB-2011-012-01). All the participants had given explanation of the research purposes and procedure beforehand, and provided written consent voluntarily.
Measurement
Socio-demographic information (sex, age, education level, job history, current marital status, number of children, number of close relatives or friends, and other social network information) and physical and mental health information (history of medical and psychiatric disease, current psychiatric symptoms including depression, cognitive function) were gathered via face-to-face interview. Participants were asked about perceived economic status (in three categories: better than average, average, worse than average), current smoking and alcohol history.
Structured Clinical Interview for DSM-IV TR Axis I Disorder
Structured Clinical Interview for DSM-IV TR (SCID) is a research-purpose structured interview that researchers can diagnose psychiatric disorders according to the diagnostic criteria of the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition [16] . In this study, a trained mental health nurse specialist conducted the SCID.
Mini-Mental State Examination for Dementia Screening
Cognitive function was assessed by the Mini-Mental State Examination for Dementia Screening (MMSE-DS) [17] . MMSE-DS is a modified MMSE which applied the compensatory standard based on age, sex, and education level. It shows better diagnostic accuracy for dementia than MMSE-KC [Mini-Mental Status Examination in the Korean version of the Consortium to Establish a Registry for Alzheimer's Disease (CERAD) assessment packet] [18] or Korean Mini-Mental State Examination (K-MMSE) [19] . We defined cognitive impairment as below-1.5 standard deviation (SD) which was corrected by age and education level [17] .
Center for Epidemiologic Studies Depression Scale
Center for Epidemiologic Studies Depression Scale (CES-D) is a self-reported depression scale consisting of 20 items for the general population, and is a primary screening tool for depressive dis-order [20] . Individuals are asked to answer each question from 0 point (very rare, usually less than 1 day in a week) to 3 points (very often, mostly in 5 days or more in a week) depending on frequency and severity of experiences depressive symptoms (depressed feeling, loss of energy, lack of concentration, guilty feeling, feeling of worthlessness, psychomotor retardation, loss of appetite, and sleep disturbance) during the past week. Integrated adaptation of CES-D was used in this study, which is the most recently reported Korean version of the CES-D scale [21] . Current presence of depression is defined as set point of 16 in CES-D scale [22] .
Pittsburgh Sleep Quality Index
Insomnia symptoms of participants was evaluated with the Pittsburgh Sleep Quality Index (PSQI), which is a tool that can assess total sleep time, sleep latency, subjective sleep quality, and freshness [23] . PSQI consists of 7 components including subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. We used the question 2 of PSQI ("During the past month, how long has it usually takes you to fall asleep each night?") as sleep latency for the analysis. The component 2 of PSQI (sleep latency) reflects not only the amount of time to sleep but also frequency of the sleep latency. We only focused on the sleep latency amount using the question 2 of PSQI. Total sleep time was defined as question 4 of PSQI ("During the past month, how many hours of actual sleep did you get at night?"). Each component scored from 0 point to 3-point, higher score means worse. In this study, we defined poor sleep quality as the component 1 (subjective sleep quality) of PSQI score ≥2 points. Cronbach alpha of component 1 and 2 calculated from Korean version of PSQI validation study is 0.83 and 0.91, respectively [23] .
Perceived Stress Scale
Perceived Stress Scale (PSS) is a questionnaire consisting of 10 items that assess the stress experienced by the individual during the past month [24] . Each item scored from 0 point to 4 point, resulting total score ranged from 0 to 40. Higher total score reflects greater degree perceived stress in PSS. This is not a diagnostic tool; cutoff score is not presented. We defined "severe perceived stress level" as the value of more than 2 SD in PSS. For the analysis,
Korean adaptation of the State-Trait Anger Expression Inventory
State-Trait Anger Expression Inventory (STAXI) is measuring individual's anger. It is an integrated tool of the previously created state-trait anger scale and anger expression scale. STAXI-K, Korean adaptation of STAXI, measures 5 sub-component, consisted of 20 items asking anger experience (10 items for state-anger, 10 items for trait-anger) and 24 items about three types of anger regulation (anger-in, anger-out, anger-control). Each item rated on 4-points scale. Anger-in refers to internalized anger measured by frequency of repressing or suppressing anger experience, and anger-out refers to externalized anger measured by frequency of how often individuals express anger in other people or things around them.
Lastly, anger-control is measured with the frequency of which an individual attempts to control anger expression [25] .
Statistical analyses
This study analyzed the factors which are clinically significant to determine sleep latency or total sleep time. First, we defined sleep initiation difficulty group as participants who have sleep latency more than 30 minutes, which was measured by the responses to the question 2 of PSQI. We performed χ 2 -test and independent sample t-test for evaluate sleep initiation difficulty group and control group (Supplementary Table 1) .
To develop a model that can predict factors affecting sleep initiation difficulty (sleep latency >30 min), we performed logistic regression analysis with independent variables including the factors that showed significant differences between the sleep initiation difficulty group and control group and the factors which were known to affect insomnia including current psychiatric illness, currently perceived stress, and perceived economic status [26] .
Simple regression analysis was performed to evaluate the factors affecting total sleep time. For the next step, multiple regression analysis was performed with a total of 10 independent variables including factors that were found to be significantly correlated with total sleep time from the above simple regression analysis, factors known to have correlations to total sleep time in the previous studies (age and current psychiatric illness), and STAXI-K anger-out score which showed significant correlation with sleep initiation difficulty in this study. Statistical significance was set at p<0.05. All analyses were performed by using SPSS (statistical package for social science) 23 for windows version (IBM Corp., Armonk, NY, USA).
RESULTS
Factors affecting sleep initiation difficulty
Socio-demographic and clinical characteristics of participants are shown in Table 1 . Female sex, low-education level, presence of depression, poor sleep quality, and shorter total sleep time were more related to the sleep initiation difficulty group than control group (Supplementary Table 1) .
Multivariate logistic regression analysis was performed using the factors that showed significant differences in the comparison of the sleep initiation difficulty group and the control group, and the factors mentioned in method that might affect the sleep latency as explanatory variables. As a result, female sex, total sleep time, anger-out score shows significant predictive value for sleep initiation problem (Table 2) .
Factors affecting total sleep time
From simple regression analysis, we found that female sex, perceived low economic status, presence of depression, sleep initiation difficulty, poor sleep quality, and severe perceived stress showed significant correlation with shorter sleep time (Supplementary  Table 2 ). In addition to these factors, age, current psychiatric ill-ness, educational level, and STAXI-K anger-out score were used as independent variables for multiple regression analysis. Difficulty in sleep initiation, poor sleep quality, and severe perceived stress were founded as significant variable predicting shorter total sleep time (Table 3) .
DISCUSSION
This study aimed to evaluate the correlation between anger expression and sleep disturbance in community-dwelling older adults who aged 60 years or older. We found that anger expression in older adults was associated with insomnia symptoms. Specifically, sleep initiation difficulty was associated with higher anger expression tendency. On the other hand, total sleep time did not show significant correlation with anger expression tendency.
In this study, sleep initiation difficulty was associated with female sex, anger expression tendency, and shorter total sleep time with considering covariates. Shorter total sleep time was associated with sleep initiation difficulty, severe perceived stress, and poor sleep quality after controlling covariates. These results are in agreement with the findings of previous study conducted in same area but using different time, sample and tools [27] . Findings from the previous study showed that female sex, low educational level, current smoking, comorbid chronic disease, and depression were associated with sleep disturbance. Simple comparison of the results is difficult. Because the previous study measured sleep disturbance with only one question ("Do individual has difficulty with initiating or maintaining sleep?") and did not focus on anger expression tendency. Clinical interpretation of the previous study would be difficult. It is hardly avoidable using one or two questionnaires about sleep in large-scale cohort studies. In this study, we tried to assess sleep quality more thoroughly and in detail by us- One of the important finding in this study is that anger expression tendency can affect sleep initiation problems. Anger expression tendency was measured by STAXI, which was used to investigate the relationship between emotional regulation and sleep disturbance. STAXI-K assesses how individuals react to anger experience. If individuals experienced anger, they have strategy to react it with three possible ways; anger suppression, anger expression, or anger control. The items measuring anger suppression includes questions such as 'to keep the anger inside' which suggest highly hold back internal anger. The questions such as 'to avoid people while in anger' which can be interpreted as both anger suppression and anger control. There is a possibility that the participants with high anger control tendency respond also positively to items asking anger suppression. As a result, we found that anger expression tendency affects sleep initiation problem. There are scarce of studies on the relationship between anger expression and sleep, and the results are controversial. A study claimed that anger expression is associated with better sleep quality [28] . Another study investigating correlations between anger expression and sleep quality among patients with coronary heart disease using STAXI and PSQI showed that anger suppression is associated with poor sleep quality but anger expression showed positive correlation with sleep quality. A study in juvenile offenders reported that aggression is correlated to sleep quality, especially hostility is negatively affected total sleep time and sleep quality [29] . In addition, a study about reaction to anger with ageing in Korean reported that the anger expression tendency of the older adults is higher than that of the young adults [30] .
It is hard to say that anger expression and anger suppression are opposite strategies to react anger. In the STAXI-K validity study in Korea, in contrast to studies conducted in the United States, there is a significant correlation between anger-in and anger-out scores [31] . Therefore, the perspective of that anger expression is opposite side of anger suppression may not be suitable for understanding the mechanism of anger regulation [32] . Rather, the tendency to overuse one side, whether suppression or expression, may be related to emotional arousal. Further study may be needed to investigate the assumption.
The mechanism how emotional arousal associate the brain with sleep disturbance is not fully understood. Cortisol, known as stress hormone, can be a mediator between anger control and sleep regulation. Researchers reported that anger expression is associated with increased cortisol level [33] [34] [35] . These studies' results show that anger expression interacts with daily stress to affect cortisol level but anger suppression does not. However, no specific mechanism how cortisol acts in the brain function relevant to sleepwake cycle has been elucidated. There is a neuroimaging study after acute sleep deprivation which reported changes in brain areas including amygdala, insula, ventral striatum, and prefrontal cortex [36] . It suggests that sleep deprivation cause difficulties in emotional regulation by functional alteration of cortical and subcortical structures responsible for emotional regulation. In addition, the possibility that cholinergic system might play a role in dysfunction of the brain structure responsible for emotional regulation is also demonstrated [37] . The cholinergic system is involved in sleep-wake cycle as well. To date, it is suggested that cholinergic system perform mediational function between emotional regulation. This study has some limitations. First, it is difficult to generalize this finding to all older adults. Second, self-reported measurement such as PSQI, STAXI-K, CES-D could be influenced by the subjective state of participants in evaluation timing, could not measure objectively. Third, we cannot exclude the possibility of that chronic insomnia causes high anger expression tendency. It is known that chronic insomnia itself can cause severe level of stress, which can contribute emotional dysregulation [38] . There is also a previous study about association between difficulty in emotional regulation and long-term sleep deprivation [39] . Thus, the relationship between anger expression and insomnia might be bidirectional. Lastly, the frequency of sleep initiation difficulty was not considered in this study. In PSQI, the component 2 "sleep latency" is sum of the frequency with sleep initiation problem and the amount of the time to fall asleep. We decided to use the data of the question 2 score instead of the component 2 score because of that the participant who showed significant sleep latency problem based on component 2 were too scarce, which can might cause statistical error in analysis. 
Supplementary Materials
